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In order to make rational recommendations for managing different land
resources in terms of their potential pollution to the Great Lakes, it




















































































































































































































































































































































































































































































































































































































































































































































































































































from U.S. shoreline erosion.
Chemical loadings were estimated based on the volume of shoreline
eroded and generalized chemical characteristics of the shoreline soils.
In Subactivity l—l(a) of Task D, shoreline samples were collected from 11
different counties along the U.S. Great Lakes shoreline and analyzed for
physical and chemical characteristics, including particle size distribution,
specific gravity, nutrients, pesticides, industrial organic pollutants,
metals and other elements. These data are carefully evaluated and interpreted
in this study. It was found that, for some parameters, there was a rela—
tionship between chemical concentrations and particle size distribution
or soil texture. In general, clayey soils had higher chemical concentrations
than sandy soils, and trends developed fromthese relationships were used
to estimate chemical loadings for the whole U.S. shoreline.









































































































































































sediment and chemicals to the Great Lakes.


















































































































































































































































the significance of other land—derived sources of pollutants, such as run—
off can be put in proper perspective.
 CONCLUSIONS
CONCLUSIONS
1. Shore erosion contributes a significant amount of sediment (solids)
to the Great Lakes each year. Average shoreline erosion loading of sediment
to the Great Lakes from the U.S. shoreline is estimated to be about 39 million
metric tons. This figure is about nine times greater than the preliminary
PLUARG estimate of sediment contributed by U.S. Great Lakes tributaries.
The input of solids to the Great Lakes from shoreline erosion is also
high relative to other sources of sediment, such as atmospheric inputs
and point source inputs. Since erosion has been intensified as a result
of high lake levels in recent years, current loadings of sediment may be
closer to the maximum estimated loading rate, 70 million metric tons per
year.
2. The amount of sediment contributed to the Great Lakes by shore
erosion varies widely from one shoreline county to another. Leelanau County,
Michigan (on Lake Michigan), contributes the largest total amount of
sediment Via shoreline erosion. Bayfield County, Wisconsin (on Lake Superior),
contributes the next largest amount. In terms of loading per kilometer of
shoreline, Allegan County, Michigan which borders Lake Michigan, has the
highest loading rate. On a lake basis, Lake Michigan shorelines have the
highest erosion rate per kilometer of shoreline, followed by Superior, Erie,
Ontario, and Huron, respectively.
3. Because the rate at which any given shoreline reach will erode























































































































































































































 Lake Superior shorelines were found to have the highest percentage of
loamy and clayey soils.
6. Erosion volumes were calculated (on a reach by reach basis) based
on recession rates, shore lengths, and bluff heights. Recession rates
were obtained from; 1) Subactivity l—l(b), in which erosion of each reach




















for those reaches with no measured recession data. Approximately 44 percent of
the erodible U.S. shoreline had recession information available based on
actual measurements (field measurements or aerial photo interpretations).
This same portion of shoreline contributed 66 percent of the total volume











































































most significant erosion loads.
7. Because of the large amount of sediment contributed to the Great



















































































































































































































































































































































































































































































9. Based on the analysis of soil samples taken from Great Lakes
shorelines, higher chemical concentrations of certain parameters, such as







































10. Chemical concentrations found in shoreline soils were similar to
concentrations found in other inland soils in the Great Lakes Basin.
Chemical concentrations were highly variable from one location to another
and, in some cases, even within a given shore profile, but this is expected
when considering diverse soil systems.
11. The total phosphorus contributed to the Great Lakes by the


















































































































































































































































































































































































































































































































































































































































































































































































































release of available phosphorus from eroded shoreline material could con—
conceivably occur.
14. The estimated nitrogen loadings to the Great Lakes from shore—
line erosion were judged to be small relative to nitrogen loadings from
other sources. Organic carbon loadings were estimated but no conclusions
could be reached from the data. Silica was not measured in this study,
but because silica is a major component of soils, particularly sandy soils,





















15. In general, metals associated with eroded shore materials were



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































coastal zone atlas that accompanied this report. This atlas is a very detailed
and elaborate document and is a major contribution to the shore erosion literature.
The shore damage survey concluded that from November, 1972 to November, 1973
almost 20 million cubic meters of material was eroded into Lakes Huron, St. Clair,
Erie, and Ontario. The Canadian Lake Erie shoreline accounted for most of this
volume, or about 88 percent of the total Canadian input to the Great Lakes. Lake
Ontario supplied another eight percent, Lake Huron three percent, and Lake St.
Clair had an input of approximately 0.5 percent. It should be emphasized that
these values were based on only one year of erosion activity. Because water
levels were extremely high at this time, these figures may not be representative
of the average erosion situation on the Canadian shoreline over long periods of






















and shore protection needs. The resulting National shoreline study and the














































































































































































































































10 different shore types. These types are:
0 Artificial fill area
a Erodible high bluff, 30 ft. or higher
0 Non—Erodible high bluff, 30 ft. or higher
0 Erodible low bluff, less than 30 ft. high
0 Non-erodible low bluff, less than 30 ft. high
0 High sand dune, 30 ft. high
0 Low sand dune, less than 30 ft. high
0 Erodible low plain
12










































































0 Areas subject to erosion generally protected.
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Includes Niagara River; does not include St. Lawrence River (243 km)
 shoreline, where, as mentioned previously, only about 30 percent is considered to
be erodible (Brown gt_al,, 1973).
SPECIFIC OBJECTIVES OF SUBACTIVITY l-2
The principal objective of this study is to determine whether shore erosion
is likely to be a significant pollutant source to the Great Lakes. In order to
accomplish this, the following specific tasks have been undertaken:
(1) Estimate the volume of material eroded and the resultant chemical
loading for all U.S. Great Lakes shoreline.
(2) Determine the importance of the particulate and chemical loadings
from shore erosion relative to other pollution sources.
(3) Assess the potential impact to the Great Lakes from any particulate
or chemical pollution attributed to U.S. shore erosion.



























































(Carter, 1975; Kemp §£_al,, 1976). In fact, it appears to be a more important
source of particulate material than the tributaries, which in the case of Lake


















eroded into the Great Lakes as well as the potential effect these materials may
have on the Lakes is important.












































































































































































































































































































































topic is only in its infancy. Nevertheless, for the purposes of PLUARG, this
study attempts to provide a first cut assessment of the quantity and quality of











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































QUALITY CONTROL DATA FROM SHORELINE SOIL SAMPLES













































































































































































































































































































































































SD, Eg_ Standard deviation of paired samples
kg
24











































































































































tion must be considered.
 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































concentrations are apparent from the data in Appendix A .























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DISCUSSION OF RESULTS OF SHORELINE SAMPLE ANALYSIS












































































































































































results of the particle size analyses.
Soil texture was determined according to the particle size analysis performed
by U.S. EPA and shown in Appendix B . Particle size results were separated into
three categories: greater than 40 u (sand), 5 to 40 u (silt) and less than 5 u
(clay) using the sedimentation cylinder method. This generally conforms with
standard definitions of soil separates, although clay is often classified as
being less than 2 u and silt is classified as being from 2 to 50 u. The classifi—
cation as to sandy soils, loamy soils, or clayey soils was made by first using
the standard graph which shows the relationship between class name of a soil and
its particle size distribution (Brady, 1974) to get the basic soil textural class
name (e.g., clay loam, silty clay, etc.) The soil texture was generalized further
by grouping the soils into three categories — sandy, loamy and clayey- using the
U.S. Department of Agriculture classification system as shown in Table 6.
Appendix B shows particle size distribution and indicates whether the soil
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































not used due to suspected sample contamination by the U.S. EPA analysts. The
following samples were also omitted in arriving at the statistics for the parameters







































NY—2-3, NY-l—Z). These samples were rejected because the data supplied
























































































































































































































































































































































































































































































































































































































































































































































































Total organic carbon concentrations tend to be highest in loam soils, although
the variability is typically high. It is reasonable that the greatest organic matter
would be found in a loamy rather than in either a predominantly sandy or a pre-
dominantly clayey soil. Also, the method used for total organic carbon may under—






























































































































































































































































































































































































































































































































































































































































































































































































TABLE 9. MEAN NUTRIENT CONCENTRATIONS GROUPED ACCORDING TO SOIL TEXTURE FROM






























































































1. Raw Data collected by Wilding, 1976
2 Bray l extraction
34
 TABLE 10. MEAN TOTAL ELEMENTAL CONCENTRATIONS OF SEVERAL PARAMETERS GROUPED
ACCORDING TO SOIL TEXTURE FROM PLUARG STREAMBANK SOIL SAHPLESl
Soil n Mean Concentration (118/3)
Texture Al 33 Mn Ca
sandy 3 3,496 9,103 258 24,400
loamy 44 11,564 20,190 547 23,806
clayey 5 19,840 31,200 719 11,940
1 Raw data analyzed by U.S. EPA Central Regional Laboratory using same
methods as described for shoreline sample analyses.
These samples were collected in an attempt to determine the quantity and quality
of streambank erosion which utimately contributes suspended material to the Great
Lakes themselves. Further information on collection of samples or sampling
methods may be obtained from PLUARG. It should be mentioned that the soil
textures were determined from measured particle size distribution.
In Table 9 mean nutrient concentrations from the streambank soil samples
are given. Results are shown for the analysis of all samples taken (all horizons)
and also for C horizon samples only. As can be seen a very large number of samples,
mostly in the loamy category, were taken from the A or B horizon. For streambank
erosion the upper horizons are likely to be more important as an input to streams.
The data in Table 9 indicate similar relationships between nutrientsand soil
texture as was found for the shoreline samples. Total phosphorus concentration
increase from sandy to clayey soils just as was found for the shoreline samples.
Available P, determined by the Bray 1 method (discussed in a following section
which is similar but not the same as the 0.05 N HCl extraction) also tends towards
higher values for soils with a larger clay content. Similar results are found for
nitrate N and total nitrogen. Ammonia N was also measured on the streambank
samples, but the trends are not clear and in fact many of the samples had ammonia
concentrations below the detection limit. The highest ammonia concentration is
found in a clayey soil.
Metals were also measured on a selected number of the streambank samples.
Analyses were made by theU.S. EPA Central Regional Laboratory using the same
techniques for total and available metals as was used for the shoreline samples.
TablelO shows the trends for concentrations between sandy, loamy, and clayey soils
for several different parameters. Aluminum, iron and manganese all have higher
concentrations in clayey soils compared to sandy soils, although calcium does not.



















Unfortunately, the distribution between sandy, loamy and clayey soils is not
even and the mean concentrations for sandy or clayey soils are based on only a
few samples. However, aluminum, iron and manganese concentrations do follow the
same trend as was'found for the shoreline samples and in fact the measured mean
concentrations for the three different textures are about the same for both the






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The higher total phosphorus and total nitrogen concentrations in the Black
Creek Watershed samples and PLUARG streambank samples compared to shoreline samples
may reflect differences in fertilization practices. It is unlikely that the shore-
line along the Great Lakes receives much or any applied fertilizer. There is no
indication that any of the shore profiles sampled were farmed or in fact fertilized
within the recent past.
In a classical study of Michigan soils, Veatch (1953) measured chemical con-
centrations for a number of different soils around the state. The total phosphor-
us concentrations from a variety of parent material soils, when grouped according





















As part of a study of trace elements in Lake Superior dredge disposal, con-
centrations of certain trace elements were measured in samples of red clay from
the Wisconsin shore of Lake Superior (Helmke et a1., 1976). In addition to total
sediment concentrations, silt plus clay and clay fractions were analyzed for trace





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































extraction performed in this study.
Sodium hydroxide extractable inorganic phosphate has been shown by Sagher et a1.
(1975) to provide an estimate of the fraction of lake sediment phosphorus that __-_~
can be readily taken up by algae. Sagher gt al. (1975) have found that the sodium
hydroxide extractable fraction is a measure of the maximum amount of phosphorus
available to algae over a several week period when the algae are exposed to lake
sediments from the photic zone of phosphorus limited lake waters. Extraction of
phosphorus using an anion exchange resin appears to simulate uptake of phosphorus
by algae at low inorganic phosphorus concentrations (approximately 1 ugP/l,
Thus, equilibration of sediment for a short time with an anion exchange
resin is used to estimate the fraction of phosphorus available to algae on a short—































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 Analysis by U.S. EPA Central Regional Laboratory






















































































































































































































































































































































that might be leached
from the shoreline by wave action would probably enter the
lake anyway.
TABLE 14 VARIATIONS OF TOTAL PHOSPHORUS WITH SOIL HORIZON OF SHORELINE SAMPLES
 
Sandy Soils










































n number of samples
1, Value excluding three B horizon samples from Oswego County that









































As part of subactivity l-l(b), Armstrong et al.(l976)conducted a data search
which consisted of a literature review and a mail-survey of individuals and agencies
likely to have shore erosion data of interest. Coastal researchers were requested
to send published data and literature, copies of unpublished data, or information
dealing with on going data collection efforts. Through this search all available
information on bluff height, reach length, bluff recession and other shoreline
data was obtained. The Armstrong et_al, (1976) review was used as the primary
data source for this study (Subactivity l-2).
In addition to the report of Armstrong gt al. (1976), the Great Lakes Basin
Commission Framework Study Appendix 12, "Shore Use and Erosion" (Great Lakes 1
Basin Commission, 1975), provided much backgroundmaterial for this report. Basic
data on lake shoreline lengths, shore types, and other physical statistics were
obtained from this work.
GENERAL METHODOLOGY
To calculate the volume of eroded material for any length of shoreline,infor-
mation must be gathered on each of the three components that influence the
volume of material entering the lake: bluffline recession rate, bluff height and
shoreline length. Erosion rates can then be computed by multiplying the bluff
line recession rate by the bluff height and the length of shoreline or reach
length of interest. This approach, known as the rectangluar prism method for
erosion rate derivations, was used in this report. Figure 2 shows how these



















calculated by multiplying the erosion rate by the product of the chemical concen-
tration of each chemical constituent and the density of the shoreline soil. In
this way the chemical loading in kilograms per year (or any convenient unit) can
























































































































































































Erosion = bluff height X reaches length X recession rate
























































































































a rather detailed view of
erosion




length data for those counties
that had recession rate information available.
These data were reported to the
nearest tenth of a mile (the conversion to kilometers was also given).
In this
study the lengths of those reaches not covered in Armstrong §E_§l, (1976) were
measured in order that mileage for all U.S. shoreline reaches would be known.
Measurements were made from U.S. Geological Survey 7 1/2 minute quad sheets where
available or 15 minute quad sheets, using a standard mechanical map measure.
Reach length measurements obtained in this way when summed give total shoreline
distances that agree reasonably well withCorps of Engineer's shoreline distances
given in Table 2
RECESSION RATE
Although bluff height and reach length are not time dependent and can be
measured rather accurately, recession rate is a measurement of change over time
and is more difficult to measure accurately. In particular, large year to year
variations in recession rate can occur since recession depends on such factors
as the frequency of storms, lake levels, topography, geological formation of the
currently exposed bluff, vegetation and a variety of other factors. Reach length
and bluff height can also conceivably change as erosion changes the length of bluff
exposed to wave attack or exposes a bluff of new topography, however such changes
are usually negligible compared to those encountered with recession rates.
Recession rate is certainly the most difficult component to measure or estimate
and is thus the most uncertain factor of the three components used to calculate
erosion in this report.
Because of the short and long term variability of recession, an attempt
has been made to view maximum and minimum recession rates as well as the average
or mean rate likely to occur over a number of years. In this way shoreline
erosion could be calculated for "average" recession conditions as well as for







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































as well as from information on shoreline composition, wind
records and the wave
trends,
shore reaches
in Niagra, Orleans, Monroe,
and western portions of Wayne
County were all assigned an average recession rate of 0.25 meters per year.
The remaining portion of Wayne County and Cayuga County were assigned an average
recession of 0.37 m/yr.
The recession rate given to reaches in Jefferson County
on the east shore varied from 0.57 m/yr to 0.0 m/yr depending on the location
and shoreline composition.
Maximum and minimum recession rates were also
generated for the entire erodible U.S. Lake Ontario shore using the procedure
developed for Lake Erie described earlier.
EROSION RATE
After the reaches in a given county were assigned recession rates or design-
ated as nonerodible, erosion rates were computed.
Each reach within a county
was examined and a range of erosion rates was computed by multiplying the bluff
height by the reach length and each of the three recession rate values (avera e,
maximum and minimum). These three erosion rate values for each reach were added
to erosion values in the other reaches in the county yielding the total volume
eroded for that county. The counties were totaled to give the erosiOn in each
planning subarea. Similarly, the planning subareas were totaled to give the
erosion to each lake, and the lakes were totaled producing a final range of
erosion rates likely to occur alongthe U.S. Great Lakes shoreline. The following
formula was used to calculate erosion rates:
(Avg. Max. Min.) (Avg. Max. Min.)
Bluff Height X Reach Length X Recession Rate = Er031on Rate
(m) (m) (m/yr) (m3/yr)
Armstrong et al. (1976) used this same procedure for each reach with avail—
,able "measured"—recession rates to calculate the erosion rates likely to occur
Per meter of reach. The calculations were made in English units giving erosion
rates in cubic yards per year per foot of shoreline. This number was then con-








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the reliability of the recession and erosion estimates that were made.
They
also are intended to illuminate those shoreline areas which might be considered
for future recession measurements.
Table
15
also indicates the average, max-
imum and minimum recession rates for each reach in the county (columns 6-8).
Based on these recession rates, the bluff heights and the reach lengths, the
computed erosion rates are given in Table 15 (columns 9-11).
The last column
in this table contains the predominate soil texture (sand, loam or clay) found
in each reach.
The importance of this information in terms of estimating chemical
loadings will be discussed in a following section.
Soil texture was determined
based on available texture information where possible or from personal contact
with individuals familiar with the area. Where no other information could be
obtained, published county soil surveys were consulted and an estimate of
whether the composition of the shoreline was predominantly sand, loam or clay
was made. Information on the subsoils (rather than surface soils) given in the
soil surveys was used whenever possible.
After the erosion rates had been calculated for each reach they were total—
led under several categories. On Table 15 the "measured" volumes were totalled
separate from the "estimated" values. This was done to distinguish the amount
of erosion that was obtainedbased on actual "measurements" and the amount based
on the "estimated" or "extrapolated" values. The volume of each of the three soil
textures is also totalled separately for use in computing chemical loadings.
Finally, a county total is presented and the total rounded off to the nearest
thousand (m3/yr). Both the unrounded and rounded numbers are presented to show
the procedure used.
CHEMICAL LOADING
After considering a number of approaches for the calculation of chemical
loadings, it was decided that the most reasonable approach was to use the mean
concentrations of the shoreline samples for sandy soils, loamy soils, and clayey
soils discussed in a previous section as representative of average soil conditions.
In this way mean chemical concentrations for each soil type as presented in
Table 8 were assumed to be representative of shoreline soil chemistry throughout
the basin.
A flow chart showing the procedure used in calculating loadings is given in
Figure 4 . Loadings were calculated for average, maximum, and minimum erosion
rates. Separate erosion volumes were calculated for the sandy, loamy, and clayey
sections of shoreline within a given county, although only the predominant soil
texture was used for a reach. These volumes were then multiplied by the mean
chemical concentrations of the correSponding soils (Table 8 ). The sum of this
product was multiplied by the density of the soil and a unit conversion factor to
obtain loadings in kilograms per year. The general mathematical expression used
to calculate the chemical loading in kilograms per year, with the appropriate
conversions, is given below:







































































































































































































































































































































































































The density of the soil was assumed to be equal to the measured specific gravity
of the sample (i.e., the weight of soil per unit volume of water is assumed to
be 1.0). A specific gravity of 2.6 was used for all calculations since, as
previously discussed, this was the mean measured specific gravity and values
varied relatively little from the mean.
Only total phosphorus, extractable total phosphorus, total Kjeldahl nitrogen,
total magnesium, extractable magnesium, total iron, extractable iron, total
manganese, extractable manganese, total aluminum, total calcium, and total lead
loadings were calculated using this method. Loadings for other parameters were
not calculated by this method due to lack of appropriate data or low concentra—
tions in the soil samples that were analyzed. Table 16 shows the results of
chemical loading calculations for Charlevoix County, Michigan. As was the case
for erosion, this county is used to illustrate the method of the chemical loadings
calculation process. Loadings were calculated for average, maximum and minimum
erosion on a county basis. It should be realized that although results are
presented to the nearest kg/yr, it is not implied that the numbers are significant
at the kilogram level. Since county results were summed to provide PSA loadings,
PSA loadings were summed to provide lake loadings and so on, the numbers in






























































































































































































































asand — reaches A—D, G, H
loam - reaches F,
Clay — no clay present




















































































































































































































































































































































































































PSA'S ALONG THE U.S. GREAT LAKES SHORELINE





































Douglas 38 622 1,180 248 0





































































































































VOLUME OF MATERIAL ERODED PER YEAR FROM COUNTIES AND





























148 212 53 19
41 Sheboygan 44 76 99 58 31




























590 705 519 10
43 Milwaukee 49 367 474 258 0
44 Racine 26 172 251 95 64
45 Kenosha 23 84 101 66 23
46 Lake Ill. 47 286 443 129 10
47 Cook
63
86 137 34 100
48 Lake Ind. 38
29 43 21 100
49 Porter 32 ‘ 352 479 269 72
50 LaPorte 11 53 68 44 85






















































































































































































































































































































































































































































































VOLUME OF MATERIAL ERODED PER YEAR FROM COUNTIES AND

































61 St. Clair (part) 79
26 51
62 Macomb ' 45 2 3
63 Wayne 72 1 2
64 Monroe 54 27 47




















66 Ottawa 77a 54 112 8 1
67 Sandusky 15a 11 27 6 100‘
68 Erie (Ohio) 88a 77 143 34 46


































































VOLUME 0F MATERIAL ERODED PER YEAR FROM COUNTIES AND





























































































































































 recession rate "estimates". The criteria for evaluating these "estimates"
according to these three terms was strictly judgemental and has been previously
discussed.
Lake Basin and Great Lakes Basin
 
Table 18 summarizes erosion calculations on individual lake basin and Great
Lakes Basin level. Totals are derived from summing the PSA information and in—
dividual lake information, respectively. Shoreline length figures (in kilometers)
do not agree exactly with the Corps of Engineers shoreline length figures given
earlier in Table 2 . The reason for the differences, which are relatively
small, is the different methods used for measuring shoreline length as discussed
previously. _The Corps of Engineers shoreline length values are mentioned only
for comparison purposes and were not used in any calculations.
The percent of volume eroded and estimate index figures were based upon
information obtained from the planning subareas within that lake. Rows four
through seven on this table present the sediment load in metric tons per year.




Chemical loadings were computed for each of the U.S. Great Lakes shoreline
counties and.planning subareas for 12 different chemical parameters. An average,
maximum and minimum chemical loading was computed in kilograms per year for each
county and PSA as shown in Table 19 . All results in Table 19 have been rounded
to the nearest 1000 kilograms.
The range of chemical loadings for each parameter is based solely on the
range of erosion rates. No attempt was made to inelude possible ranges of density
and chemical concentration for a particular soil type in these calculations. A
complete discussion of the variability of the chemical and physical data obtained
from analysis of shoreline samples (completed as part of Subactivity l-l) may
be found in a previous section of this report. It should be realized that
chemical loadings derived in this study, although based on the best information
available at this time, are only rough approximations.
'
Lake, Basin and Great Lakes Basin
Table 20 is a summary of the chemical loadings by lake and for the total U.S.
Great Lakes Shoreline. These values were obtained by adding the chemical loading
for the various planning subareas within the Lakes and the individual Lakes to
give a Great Lakes Basin total.
Average, maximum and minimum loadings are
presented for 12 different parameters. The significance of these loadings will
be discussed in detail in the following section.
64
TABLE 18















































Average 39,954 11,279 21,778 1,347 3,965 1,586








volume estimated 34 58 23 62 5 79




kilometers (km) miles (mi) (37281' 0,41,; 7
cubic meters (m ) cubic feet (ft ) 35.319
metric tons english short tons 1.102
a Includes 57 km of Sandusky Bay (L. Erie) and 243 km of St. Lawrence River
(Lake Ontario)
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329 390 136 5,066 6,008 2,093
1,692
589 6,217 7,373 2,569
39 Door
16 48
4 8 21 3 29 95 4 633 1,844 155 172
506 40 958 2,625 281
40 Manitowoc
100 139 37 32 46 12 229 318 86 3,780 5,284 1,402
1,635 427 4,712 6,596 1,745
41 Sheboygan
71 91 55 21 27 16 170 220 131 2,640 3,419 2,037 752 976 579 3,246 4,206 2,504
Total PSA 2.1





583 697 513 169 202 148
1,687 1,241
43 Milwaukee
368 475 258 211 279 144





306 450 166 4,929
45 Kenosha
23 28 18 11 14 9 41 49 32 954
46 Lake (111.)
268 418 118 79 123 35 644
10,002 15,622 4,418 2,847 4,440
12,298 19,203 5,438
47 Cook
84 135 34 24 39 10 205 327 82 3,151 5,041 1,260 887 1,420 355 3,867 6,187 1,547
48 Lake (1nd.)
7 11 6 4 6 3 13 19 9 307 460 230 130 195 97 409
614 307
49 Porter




14 18 11 7 9 6 23 30 19 569 733 469 241 310 199 759 977 626
Total PSA 2.2
1,569 2,099 1,099 592 794 412
59,969 80,209 41,985
23,362 12,286 79,839 106,894 55,724
21,731 25,985 19,116
18,831 10,171 3,775 4,867





























145 204 38 72 102 19 246 347 65
22 Van Buren »
64 139 11 32 69 5 110 236 18
23 Allegan ,
215 342 111 107 171 56 365 582 189
24 Ottawa ’
125 269 21 63 135 10 213 458 35
Total PSA 2.3





































18,001 44,082 3,679 16,648 23,634 57,285 4,846
2,386 4,217 47 975 1,711 15 3,296 5,867 78
170 316 11 72 134 5 226 421 15
6 29 K 143 710 6 60 299 3 190 946 8
75 125 34 1,734 2,918 788 713 1,208 316 2,297 3,872
68 137 21 1,652 3,327 519 700 1,410 220 2,204 4,439 692
9 14 4 215 339 92 91 143 39 287 452 122
270 410 174 4,155 6,319 2,675 1,170 1,779 753 5,099 7,755 3,283
5 10 2 139 250 50 59 106 21 186 334 67















99 231 10 49 115
26 Oceana M
165 401 10 60 146
27 Mason 1
90 248 K 45 124
28 Manistee ‘
101 190 36 44 86
29 Benzie 95 215 5 47 108
30 Leelanau -
445 1,105 91 202 472
31 Grand Traverse 58 102 1 3O 54
32 Antrim V
4 8 K 2 4
33 Charlevoixv
3 17 K 2 9
34 Emmet ,
42 71 .19 20 34
17 Mackinac (part)v 40 81 13 20 40
18 Schoolcraft y/ 5 8 2 3 4
19 Delta /
111 169 72 32 49
20 Menominee «/
3 6 1 2 3
Total PSA 2.4












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































K - Less than 0.5 (103 kg/yr)
 TABLE 19 (continued)















- 1.93.15.11.12 ..__ __
Lead
A
Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. Min.












































































































































































1,457 32 1,893 5,172 184
3,930 7,399 2,200 12,530 23,460 7,059
82 182 5
472 1,050 31

































































































K - Less than 0.5 (103 kg/yt)
  









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 TABLE 20 3
CHEMICAL LOADING
FROM U.S. SHORELI















































































































































































































































































Erosion rates were obtained on a reach by reach basis either from the Sub—
activity 1-1 work of Armstrong gt El. (1976), in which erosion of a reach was
derived from actual recession "measurements" (field measurements or aerial photo
interpretation), or from "estimates" made in this study (Subactivity 1—2) for
those reaches with no "measured" recession data. As discussed in detail pre—
viously, estimates made in this study were based on extrapolation of information
from those reaches with reliable recession data available as reported in Armstrong
e£_al. (1976). However, even "measured" recession data as reported in Armstrong
g£_al, (1976) can be obtained from an extrapolation technique, such as when
field recession information from one or more profiles within a reach is extra—
polated over the whole reach. Thus, while both "measured" recession information
and "estimated" information are subject to considerable error and are at best
only first approximations, it is felt that erosion values based on actual "mea-
surements" are inherently more reliable than extrapolation of information from
one reach to another. It was determined that approximately 44 percent of the
erodible U.S. shoreline had "measured" recession information available. This
same portion of shoreline, however, contributed 66 percent of the total volume
eroded from the U.S. shoreline. In other words, most shoreline erosion studies
have centered on highly erodible areas. As a result, in spite of the overall low
availability of "measured" recession rate information, only 34 percent of the
total computed volumetric contribution from the U.S. Great Lakes shoreline is
based on "estimated" recession rates.
Chemical loading data must also be considered as only a first approxi-
mation or order of magnitude estimate. Trying to predict chemical loading over
the whole Great Lakes Basin from the analysis of only a few soil samples is im—
possible to do with any degree of accuracy. However, the attempt here has been
to provide an order of magnitude estimate to determine whether shoreline erosion
is a potentially significant source of pollution. It is important to realize
that the chemical loadings given in this report should not be taken as absolute
values. They can be compared with other sources of pollution to see if indeed
shoreline erosion can be a significant land—derived source of pollution to the
Great Lakes.
Improving the statistical reliability of loading measurements by greatly ‘
increasing the sampling program would require a tremendously expensive program. 3
Thus, the method from which chemical loadings are estimated (from a few data
points) is probably more statistically efficient at making a first order estimate
of the significanCe of shoreline erosion. In fact, it probably would have been
possible,and maybe just as logical to estimate chemical loading from known general
 chemical characteristics of soil obtained from the literature. However, the use
of the EPA soil samples does enable comparison of actual shoreline data to the
values found in the literature.
Every attempt has been made in this report to clearly show the procedures used
in estimating both erosion and chemical loadings and to point out theassumptions
made. For example, in presenting erosion volumes for different areas of the
Great Lakes shoreline, an attempt was made to show the percent of the calculated
value derived from "measured" recession data and the percent derived from "esti-
mated" recession data. Similarly, an evaluation of the reliability of the "esti—
mated" data was made. It is hoped that this report will stimulate a further re-
finement of the loadings from shoreline erosion as well as a refinement of the
















































































































































































































































































































































































































































































































































































































































































































































































































































For the purposes of this report the Lake Erie Shoreline includes the St.
Clair River, Lake St. Clair, and the Detroit River as well as a 57 kilometer
portion of Sandusky Bay. Carter (1975) computed a total sediment load to Lake
Erie from the U.S. shoreline. From his report covering recession along the
Ohio, PA., and N.Y. sections of Lake Erie, an average recession and erosion
rate was derived. This information was summarized in Armstrong et a1. (1976).
As was previously discussed the maximum and minimum erosion likely to occur along
Lake Erie was mathematically generated from this average rate based on trends
found for the other Lakes.
Carter (1975) only included a small portion of PSA 4.1 shoreline in his
report. As a result 53 percent of the volumetric contribution of this PSA was
derived from "estimated" erosion values. PSA 4.2 includes Sandusky Bay, Ohio.
Because of studies on the Bay itself and the surrounding shoreline, the rela-
tively small volume contributed by this PSA that was based on "estimated"
recession rates is considered to have good reliability. All of PSA 4.3 is
covered by "measured" recession information.
The sediment load value derived by Carter (1975) for PSA 4.4 appears to be
low. When examining his estimated recession rates and considering the available
bluff height information (Armstrong gt al., 1976) in the area, his total volumetric
input is leSs then would be expected. Of PartiGUIar importance is Erie County, Penn‘
sylvania, which has many high erodible bluffs above 20 meters in elevation.
Carter (1976) describes the recession in this area as very slow(0 to lft/yr) to
slow (1 to 3ft/yr). Even with these low rates large volumes are eroded (see
Table 17 ).
Lake Erie has more information available on its erodible shoreline than any
other Lake. Ninety five percent of the volumetric contribution to Lake Erie from
shoreline erosion was derived from “measured” values. These measured values were
based almost exclusively on the work of Carter (1975). Much of the 5 percent
that was "estimated" came from the Michigan portion of Lake Erie and was considered
to have good reliability.
Lake Ontario
Lake Ontario includes the Niagara River which is classified nonerodible.
Oswego County is the only Countyon this Lake that has recession rate information
available. Located in PSA 5.2, this recession information was extrapolated over
the remaining U.S. shoreline of Lake Ontario and the St. Lawrence River to the
New York - Canadian boundary. If it can be assumed that the Oswego County
recession rates are representative of the entire Lake, then an erosion volume
can be calculated. However, 79 percent of the eroded material determined in
this way is based on "estimated" recession information. The erosion volumes de—
rived by this procedure are considered to have poor reliability because of the
lack of supporting information.
80
  



































low bluff it will contribute a relatively minor amount of material to the lake.
0n the otherhand,
a section of shoreline that has a very high bluff and a low
recession rate can contribute large amounts of material to the lake system.
Table 21











very high unstable bluffs.
Figures 5 through 9 illustrate graphically how the
volumetric contributions vary by county throughout
the U.S. Great Lakes shore—
line.
The values indicated on these figures are total shoreline material loadings
for each county.
These figures were derived from Table 17
.
As can be seen in Figure 5 the most significant loads to Lake Superior are from
Douglas,
Bayfield,
Gogebic, and Barga Counties and to a lesser extent Marquette
and Keweenaw Counties which also have high loadings.
Because of the prevalent
high unstable bluffs occuring along the eastern shore of Lake Michigan, large
volumes of material are also eroded from this area each year (See Figure 6 ).
Relatively small amounts of material are eroded each year into Lake Huron from the
U.S. shore.
Sanilac County at the extreme south end of Lake Huron contributes
the largest amount (Figure 7 ).
Erie County, Pennsylvania and Lake County,
Ohio, provide the most significant total load to Lake Erie (See Figure 8
).
Because of the unstable bluffs and prevailing wind in an easterly direction, the
eastern shore of Lake Ontario is thought to be a major source of solids to the
Lake (See Figure 9 ).
TABLE 21







































Another way to examine erosionis as a rate of material input per kilometer
of shoreline rather than as a total load per county.
Table 22 ranks the most
significant counties, the PSA's and the Lakes according to their erodibility per
gkilometer of shoreline.
The shoreline considered is the total shoreline which
includes the nonerodible as well as erodible shoreline.
By examining this table
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shoreline can be obtained. Table22 shows that three of the ten most erodible
counties are all located in PSA 2.3. In fact, the rate of erosion from PSA 2.3
is twice that of any other PSA. This erodibility Table reflects not only the
recession rate within an area but theshore type, composition the bluff, bluff
height and the amount of shoreline that is erodible.
SHORE EROSION COMPARED TO OTHER SEDIMENT SOURCES
There are many sources of sediment to the Great Lakes. Some of the more
important sources are agricultural runoff, urban runoff, direct point source inputs
from municipalities and industries, and shoreline erosion. A great deal of work
has been done recently to determine the contribution to the Great Lakes from the
different sources draining into the Great Lakes, as well as various point source
discharges. One of the main objectives of this study was to determine the
importance of shore erosion relative to other sources of pollutants to the Great
Lakes.
Table 23 is a comparison of sediment loads from various sources. As can be
seen from this table, shoreline erosion is a very significant source of sediment
to the Great Lakes- Mildner (1974). in a report compiled for Task A of PLUARG, esti-
mated average annual sediment yield from sheet and gully erosion from agricultural
land for each lake in the U.S. Basin. He also compiled sediment loading data
from urbanized areas in the Basin.
Mildner (1974) estimated that the combined urban and agricultural runoff
from the U.S. portion of the Basin contributes about 4 million metric tons of
sediment to the Great Lakes each year. Significantly, this number is about 10
times smaller than the approximately 40 million metric tons per year entering
the Basin from U.S. shoreline erosion. The tributary loading of sediment for
the entire ULS. Basin is 3.3 times smaller than shoreline erosion even consid—
ering the most conservative shoreline erosion estimate of about 15 million metric
tons per year (as seen in Table 23 ). Since the shoreline is currently in a
time of high recession and erosion rates, the current erosion situation is more
likely closer to the maximum expected erosion load. The maximum loading, over
70 million metric tons per year, is over 16 times greater than the value attribu-
ted to tributaries by Mildner (1974). The following section will discuss the
sediment load sources on a Lake basin level.
Lake Superior
In a report to the International Joint Commission on the status of the upper
Lakes (Upper Lakes Reference Group, 1976), information on direct municipal, direct
industrial, tributary, and atmospheric loadings to these two lakes from both the
U.S. and Canadian side was presented. The most important sources of particulates
to Lake Superior as given in this study are presented in Table 23 . As can be
seen the shoreline erosion process,from the U.S. side only,contributes over 7 times
as much sediment as the tributaries fromboth the Canadian and U.S. drainage areas
to Lake Superior. The joint industrial inputs on the other hand are greater than
those loadings from U.S. shoreline erosion, apparently as a result of the discharge
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resuspension of shallow water sediments. Currently, the relative importance of
resuspension and shoreline erosion is not well known, although hopefully new infor-











The Wisconsin shoreline of Lake Superior is subject extensive erosion of red
clay, as discussed previously,
and is responsible for much of the shoreline
erosion loadings to Lake Superior.
According to the Upper Lakes Reference Group
(1976), the average open lake suspended solid concentration is approximately 0.7
mg/l, while waters in the western portion of the lake offshore of Duluth, the
average suspended solid concentration is about 2.8 mg/l.
During intense storms
nearshore waters can have concentrations of up to 1,000 mg/l.
Both shoreline
erosion and resuspension can contribute to the increase.
Sydor (1975L in a study of red clay erosion and transport in Lake Superior,
found that in the western basin during the open water season (May-November) 70
percent of the turbidity was contributed by shore erosion, 20 percent by resus—
pension and only ten percent by river runoff.
During the winter months for
times when the lake is ice free (December, January and April) Sydor estimated
that resuspension contributed additional suspended material, about twice the
amount contributed during the open water season.
This would indicate that resus-
pension is very important, but that shore erosion contributes the majority of
the annual suspended solids input to the western basin of Lake Superior.
Finally, the biological effect of Suspended solids is hard to determine. As
Lee and Plum (1974) have pointed out, it is difficult to determine the effect
of suspended solids on benthic fauna and flora because very little is known
about the response of organisms to increased rates of siltation.
Some benthic
species may
tolerateor even thrive as a result of increased sedimentation.
Tubificiae and Chironomids are examples of such organisms.
However,
because
of the variability of populations, rate of sedimentation, responses of different
species, movement of the sediment by currents,
and many other interrelated
factors,
it is very difficult to explicitly define the effect of turbidity on
benthic organisms.
 
SIGNIFICANCE OF LOST SHORELINE
Shoreline erosion is a natural process which has been going on for thousands
of years.
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
The movement of contaminants into or out of sollution is not
easy to predict and is a complex function of physical, chemical, and biological
interactions. Factors affecting the uptake or release of materials from part-
iculate materials such as pH, Eh and composition of the particulate material,
have been reviewed by Lee (1970). Perhaps the most important factor in deter-
mining the importance of particulate material as a sink or a source of pollu—
tants is the amount of dilution available. In general, this dilution would be
high for particulates added by Great Lakes shorelines, particularly since those
shores that erode rapidly are likely to have an open exposure to the main body
of the lake. This would indicate that even if there were a significant release
of contaminants from some of the Great Lakes shoreline material, its effect on
the lake would be tempered by the tremendous dilution potential.
In addition to the redox potential and pH, the physio—chemical state of
chemicals in the eroded soil can also affect the release of materials. As
discussed previously, soils that contain large concentrations of hydrous oxides
will tend to concentrate trace metals, phosphorus, and other contaminants.
Although sorption/desorption reactions are difficult to predict, one might
expect that sorption reactions may be more important in Lake Erie while in Lake
Superior dissolution reactions may be more common since solution chemicalcon-
centrations in Lake Erie are generally higher than the relatively pristine Lake
Superior waters. For example, dissolved ortho phosphorus concentrations in Lake
Erie tend to be on the order of 20 pg P/l, while those in Lake Superior are on
the order of 4 ug P/l. Consequently, due to the different solution concentra—
tions, there would be a greater tendency for phosphorus to be sorbed in Lake
Erie waters compared to Lake Superior waters. However, other factors may affect
exchange reactions between dissolved and particulate forms and, as Lee and Plumb
(1974) point out, concentration gradients are often not effective in predicting
transfer over the solid—water interface.
Phosphorus
Geographic Distribution of Total Phosphorus Loadings from Shore Erosion.
Phosphorus is perhaps the most important nutrient component of shoreline
erosion to consider, particularly in terms of the management strategies being
developed to control phosphorus input to the Great Lakes. Figures 10 through
14 show the average inputs of total phosphorus from shore erosion from the
various U.S. counties bordering the Great Lakes. In Figure 10, it can be seen
that the total phosphorus loading is high for Douglas, Bayfield, Ashland,Iron, and
Gogebic counties in the western end of Lake Superior. This is primarily due
to the red clay erosion which occurs in this area. On the contrary, the rocky
coastline along the north shore of Lake Superior produces very little total
phosphorus from shoreline erosion. Some high loadings also occur from shore—
lines near the Keewanaw Peninsula. The shores of Houghton County, Baraga County,
and Marquette County also appear to contribute large amounts of total phosphorus.
For Lake Michigan (Figure 11 ) the highest phosphorus loadings are located
in the southern half of the lake. Ozaukee and Milwaukee counties in Wisconsin
and Lake County in Illinois produce the highest total phosphorus loadings from
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the Lake, Allegan and Leelanau counties in Michigan have the highest loadings.
Lake Huron shore erosion total phosphorus loadings (Figure 12 ) are all low
except for Sanilac County in Michigan, which is estimated to contribute, on the
average, 151 metric tons of total phosphorus from shore erosion each year.
For Lake Erie,highest total phosphorus loadings from shoreline erosion occur
in Lake County, Ohio, and Erie County, Pennsylvania, as shown in Figure 13
Loading rates would be significantly higher on the Canadian portion of Lake
Erie, primarily because of high unconsolidated bluffs along the Canadian shore—
line.
Lake Ontario total phosphorus loadings from shoreline erosion are given in
Figure 14 . No county shoreline produced total phosphorus loadings in excess
of 150 metric tons per year. The highest loadings were found for Jefferson
County. It should be emphasized againhere that the recession information for
the Lake Ontario shoreline was extremely limited. Consequently, the erosion



















sin, which borders Lake Superior, has the highest total phosphorus loading per
kilometer of shoreline. Other counties which were found to contribute large
amounts of total phosphorus annually from shoreline erosion are presented, in
order of their annual contribution per kilometer of shoreline, in Table 24
This table shows that Douglas County, Wisconsin produces the second largest
amount of total phosphorus. Table 24 also shows that the counties producing the
largest amount of total phosphorus per kilometer are located along the shores of
Lake Superior and Lake Michigan.
Table 25 shows the total phosphorus loading per kilometer of shoreline on
a planning subarea basis. In addition to total phosphorus, total lead and total
iron are included in this table. These parameters will be discussed subsequently.
As can be seen from this table, Planning Subarea 2.2 was found to contribute
the most total phosphorus from shoreline erosion. Planning Subarea 2.2 covers
the Chicago—Milwaukee complex and includes portions of the states of Indiana,
Illinois, and Wisconsin. The planning subarea with the second highest total
phosphorus loading from shoreline erosion was 1.1. This planning Subarea en—
compasses a large portion of the western basin of Lake Superior and includes much
of the red clay erosion area.
Table 25 also shows the total phosphorus loadings per kilometer of shoreline
on a Lake basis. Lake Michigan has the highest loading, followed by Lake Superior,
Lake Erie, Lake Ontario, and Lake Huron.
As mentioned previously the high loadings to Lake Superior are related to the
red clay found along the southwest portion of the lake. Based on the chemical
analysis of shore profiles, clay soils tend to have higher phosphorus concentra—
tions than sandy soils. In other words, the more clay content in the soil the
100
 TABLE 24
AVERAGE TOTAL PHOSPHORUS LOAD PER KILOMETER





























































































































































































































































































































more phosphorus is likely to be found. This can best be seen by examining the
Lake Superior and Lake Michigan data in Tables 18 and 20 (given previously)
and Table 26 which shows the volume of each soil texture eroded from the five
Lakes. Table 18 indicates that the average erosion rate for Lake Michigan is
twice that of Lake Superior. However, since 75 percent of the volume eroded
into Lake Michigan is sand (Table 26 ), compared to an 83 percent loam/clay
content (which has a higher phosphorus concentration than sand) into Lake
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 material is likely highly mixed with the nearshore waters.
the shoreline material remains dispersed in the water would depend on many
factors (such as the particle size and density of the material, or the length
of the storm), but at least during this time the hydrodynamics would not likely
limit phosphorus release from the material.
The length of time
Another possible factor that has been discussed as a mechanism controlling
the release of phosphorus from settled solids in lakes is the capacity of the
sediments to buffer overlying water phosphorus concentrations. According to this
theory, phosphorus is removed from the water column or released from the sedi—
ments until an "equilibrium" concentration is reached. However, it is doubtful
that sediment phosphorus concentrations have a major buffering effect, at least
not to the extent that it controls phosphorus release or uptake. As discussed
in an earlier section, sediment phosphorus concentrations do not seem to control
movement of phosphorus across the sediment—water interface. Sonzogni et al.
(1976) have presented evidence which indicates that sediments did not act—as
phosphorus buffers in the inland lakes in which they studied.
Bahnick (1975) conducted some leaching studies of red clay soils from the
western Lake Superior area. He found that, based on a seven week leaching
study (using Lake Superior water as the leachate), 0.030 i .010 mg of ortho—
phosphate (as P04) per g of clay soil sample and 0.036 : 0.020 mg of total
soluble phosphorus per g of soil was released. Phosphorus was released rapidly
from the samples and with the rate of release declining to near zero (within detection
1imits)within one day.
Deionized water resulted in increased releases.
Similarly, a
decrease in pH resulted in an increase in the amount of phosphorus released.
Tem—
perature was found to have no significant effect on the release.
In general Bahnick found
a release of 10 to 60 pg P/g soil occured under Lake Superior conditions (oxic).
Surprisingly, he did find a lower release of phosphorus under anoxic conditions.
It should be mentioned that the clay soils used for the leaching studies were
taken from Great Lakes shoreline locations as well as streambanks composed of
erodible red clay.
Bahnick (1975) also conducted a number of other studies in which he tried
to estimate the exchange of phosphorus between water and soil at various soil—
to-solution ratios. He concluded from these studies that at the natural solution
concentrations of phosphorus in Lake Superior, orthophosphate would be released
from the soil samples. Using a value for the amount of shoreline soil material
eroded per year to Lake Superior of 8 x 106 metric tons per year (somewhat less
than the value obtained in this study), Bahnick estimated an annual orthophos-
phorus (as P) input to Lake Superior of 80 (plus or minus 25) metric tons per
year. He estimated the total soluble phosphorus input to be 280 (plus or minus
160) metric tons per year from shoreline erosion. Importantly, he indicated that
his estimated input value was probably a lower limit to the actual input. Since
the eroded clay material will probably attain low soil—to-solution ratios due
to dispersal in the lake water during the erosion process, phosphorus release
would be encouraged basedon his studies. Also, orthophosphorus released from
the clay particles would be taken up quickly by organisms in the Lake Superior
water. This, in turn, would lower the solution concentration and thus cause a
greater release of phosphorus to the water. He also indicated that it was


































with the clay particles. These effects were not accounted for in the laboratory
leaching studies.
Given the results of Bahnick (1975) and the results of this study, it is
now possible to further define the available phosphorus loading from shoreline
erosion for Lake Superior. Bahnick’s loading of 80 metric tons per year was
considered to be the lower limit of orthophosphorus (all available) loading from
shoreline erosion. As discussed previously, the extractable phosphorus loading
calculated for Lake Superior in this study was found to be about 2000 metric tons
per year and this was thought (as discussed earlier) to be an upper limit to
available phosphorus loading. The actual available phosphorus loading to Lake
Superior, therefore, likely lies between about 80 and 2000 metric tons per
year. This loading is certainly significant relative to other nutrient sources
to Lake Superior. For example, the mean annual reactive phosphorus loading
(as P) calculated for Lake Superior from tributaries by theUpper Lakes Reference
Group (1976) was found to be 642 metric tons per year. Although the total avail—
able phosphorus is likely to be somewhat higher than just the reactive phosphorus
(essentially the same as orthophosphorus), it would appear that shore erosion
may be contributing about the same order of magnitude of available phosphorus
as is derived from tributary loadings.
Unfortunately, leaching type studies on other soils for other lake shore—



























to Lake Superior from this study of about 2000 metric tons per year, it can be
seen that the lower limit is slightly over 4 percent of the upper limit. Using



















metric tons per year, respectively, and the range for Lake Erie and Lake Ontario
would be from about 20 to 500 and about 8 to 200 metric tons per year, respec-
tively. Similarly, for the total U.S. shoreline, the available phosphorus
loading from shoreline erosion would range from about 160 to 4,000 metric tons
per year. These ranges would, of course, be higher if the extractable phosphorus
loadings for maximum erosion were used. It should be realized that these ranges
are predicated on gross assumptions and are only used hereto illustrate the
general order of magnitude of available phosphorus loading that is possible.
Further, most of the soils on the Great Lakes shorelines are sandy and how much
phosphorus might be leached from them is not known, but it is likely to be lower
than that leached from clay soils. Also, phosphorus solution concentrations are
higher for the lower Great Lakes which may consequently restrict release of
phosphorus.


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































develop in the central basin.

































































































































































































































































































































































































































































































































































































































































 phases are thought to be quite slow (on the order of years) while reactions be—
tween the exchangable and soluble phases are rapid (on the order of hours or
days). Material in the fixed phase is thought to be unavailable to organisms
in the water column under normal conditions. Since the relative proportion of
a metal within these phases is dependent on a number of factors, not the least
of which is the method of measurement, it is difficult to determine the avail—
able fraction. It is for this reasOn that total measurements are often consid—
ered, as is the case for the new proposed waterquality standards,for certain
metals rather than in available form.
The difficulty in trying to interpret the effect of metals on the environ-
ment is further exemplified by the studies of Lopez (1973). He studied the
metals content of bottom sediments and overlying water in Torch Lake, located on
the copperrich Keewanaw Peninsula of Michigan near Lake Superior. This lake
has received large amounts of copper mine tailings and high levels of copper
are found in Torch Lake waters. This copper apparently exists in a relatively
non-toxic form since there are,according to Lopez (1973), substantial amounts
of phytoplankton and fish in the lake. This occurs despite the fact that the
concentrations of copper (in the range of 25—100 micrograms per liter) are
known to cause deleterious effects on aquatic life. Perhaps the copper is
complexed with organics and thus is not available for biological uptake. This
example points to the fact that despite high metal concentrations the potential
effect on the lake is not always obvious. Other examples may be found in Lee
and Plum (1974).
Helmke et al.(1976) in their study of the effects of dredged material disposal.
in Lake Superior determined that concentrations of 160 to 250 parts per million
(ppm) zinc, 65 to 88 ppm copper, and 0.0 to 0.4 ppm mercury would not affect
concentrations of these elements in organisms (in a companion study Magnuson et
a1. (1976) have reported in detail on the environmental effects of metal contam-
ination from dredged disposal inLake Superior). Except for one isolated instance,
all zinc concentrations measured on the shoreline samples were below the 160 to
250 ppm range. Similarly, copper concentrations in the shoreline profiles were
below this range and all mercury measurements were below detection limits. Thus,
based on the above study, it would appear that neither the zinc, copper or mercury
concentrations in eroded shoreline material affects concentrations of these
elements in organisms.
Cogley (1974) has calculated loadings of lead to Lake Michigan from the
Chicago area. Of the different sources he considered, he found that most of the
load to southern Lake Michigan was derived from atmospheric transport of automo-
tive lead aerosols. Precipitation washout from the atmosphere was the most
important mechanism for lead input to Lake Michigan. However, he did not con-
sider shoreline erosion as a lead source. He estimated that about 1,630 metric
tons per year of lead was contributed to the southern basin, mainly from atmos-
pheric precipitation washout. In this study it was estimated that for all of
Lake Michigan approximately 240 metric tons per year of total lead is contri—
buted by shore erosion.
Bahnick (1975) estimated the input of various metals and other elements

























































































































































































































































































































































































































































































































































































































































































































































































































































Tributary l Shoreline Erosion

















Magnesium 351,000 343,000 149,000 40,000 11,000 4,000
Manganese 2,416 471 4,500 900 330 70
1. Based on Upper Lakes Reference Group Study (1976); includes both U.S. and
Canadian total tributary inputs (including point inputs to the
tributaries)































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































were not detectible in the shoreline samples. Consequently, loadings of theSe
compounds Via shore erosion is not likely to be significant. On the contrary,
the shoreline material added to Great Lakes waters mayserve to remove organic
contaminants from solution by sorption.
The organics would be carried to the
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The samples shown in this Appendix were collected by localorganizations
under contract to the U.S. Army Corps of Engineers with the assistance
of soil scientists from the U.S. Soil Conservation Service. Samples,
were analyzed by the U.S. Environmental Protection Agency Region V
Laboratory in Chicago, Illinois.
A.








































































































































































































































































































































































































































































































































































































platy structure when displaced; about 20% coarse
fragments mostly 0.2 to 8 cm; slight effervescence
with H01.
124
 PROFILE NUMBER: 2
LOCATION: Duluth Tent and Trailer Park; SW 1/4, Section 19, T41N., RlZW.
SHORE TYPE: Non—erodible low bluff (despite non-erodible classification by Corps
of Engineers, the collectors found that this area was erodible)















































Al and A2 horizon; Al horizon a very dark gray
(lOYR 3/1) silt loam with a strong very fine sub-
angular blocky and granular structure, abundant
fine and very fine roots; abrupt wavy boundary and
friable; A2 horizon a dark grayish brown (5YR 5/2)
silt loam with weak fine platy structure, abundant






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































massive in place parting to medium coarse platy








































LOCATION: Lake Avenue and 12th Street South
SHORE TYPE: Erodible low plain
DATE OF COLLECTION: June, 1975




Sample Depth Number Sample Description
3'(O.9 m) SL—4-l Light brown (7.5YR 4/4) coarse sand; single grained,
loose; some fine bedding.
7'(2.l m) SL-4-2 Light brown (u.5YR 4/4) coarse sand; single grained,
loose; some fine bedding.
PROFILE NUMBER: 5
LOCATION: South Park Point; T.49N., R.13W
SHORE TYPE: Erodible low plain
DATE OF COLLECTION: June 3, 1975




Sample Depth Number Sample Description
2'(O.6 m) SL-5—l Light brown (7.5YR 6/4) coarse sand; single grained;
loose; some fine bedding.
8'(2.4 m) SL—5—2 Same as SL—S—l.
PROFILE NUMBER: 6
LOCATION: let Avenue West
SHORE TYPE:
DATE OF COLLECTION: June 9, 1975
COLLECTORS: Minnesota Dept. of Natural Resources and Arrowhead RegionalDevelopment
Commission
SUPPLEMENTAL INFORMATION: Materials at this site could be dredged from the harbor,
since the entire area appeared to the collectors to be
fill material. Only about 0.9 m could be penetrated with
a hand auger as concrete boulders, wood, etc. were
encountered. The first 10 inches of the profile was


























Dark brown (lOYR 3/3) fine loamy sand; weak medium
subangular blocky structure; very friable.
Very dark grayish brown (lOYR 3/2) fine loamy sand;
weak medium subangular blocky structure.
LOCATION: 815: Avenue West, Duluth; NE 1/4, NE 1/4, Section 24, T49N, R15W
SHORE TYPE:
DATE OF COLLECTION: June 6, 1975








Sample site was reported to have been disturbed by the
collectors. The first 80 inches (203.2 cm) were describw
as to soil characteristics, although samples were not






Weak red (lOYR 4/4) clay; strong moderate subangular
blocky structure; few hard carbonate concretions
ranging from 10 to 20 mm across; few 5 to 10" thick
seams of sand; slight effervescence with HCl.
Mixed materials consisting predominantly of reddish
brown clay with some dark reddish gray silt loam
surface and subsurface soil.
128










































































































































































































































































































































































































































Aluminum 10500 599 18800 1310 15800 979 10800 478 91.30 358
Titanium 1.90 2.1 550 7.0 700 1.6 870 2.9 1090 1.1.





















Cadmlu- K1 1.1 K1 K1 K1 1.1 K1 1.2 K1 1.6
Cobalt K250 K2 K250 2.9 K250 2.8 K250 a . 3 K250 8. 3
Chromium K50 K1 K50 1 . 0 K50 1 . 5 K50 ‘(1 K50 1 . 0
Copper
24 1.4 49 6.2 43 5.1 38 16.8 41 12.5
Molybdenum K300 K5 K300 K5 K300 K5 K300 K5 K300 K2
Lead
28 K10 16 K10 18 K10 11 K10 10 K3




































   
“X indicates "less than".
ST. LOUIS PROFILE 3 (mg/kg dry weight)*
 
 



































































































































































































































































































































































































































































































ST. LOUIS PROFILE 5 (mg/kg dry weight)*
 
Sample Degth (Number) _2' (SL—Sjl) 8' (SL—S—Z)
    
Parameter
Total Extr. A Total Extr. Total Extr. —Tota1 Extr. Total Extr. —Tota1 Extr.
Total Phosphorus 170 100 100 5.3
Orthophosphate-P 100 52



















K250 6.6 K250 6 . 1
Iron





1500 53 1600 58
Titanium
1060 0.6 339 0.5































































*K indicates "less than".
 
     






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































granular structure; very friable; very strongly



















































 PROFILE NUMBER: 2(Continued)
Sample
Sample DeBth Number Sample DescriBtion
12—36"(30.5— O33—3—3 A22 horizon; light yellowish brown (lOYR 6/4) sand;
91,4 cm)
single grained; loose; very strongly acid; gradual
wavy boundary.
36-44"(91.4— 033-3-4 A23 and Bl horizon; very pale brown (lOYR 7/3)(A)
111.8 cm) and brown (7.5YR 5/4)(B) fine sand; single grained;
loose; very strongly acid; gradual wavy boundary.
44-50"(111.8— 033—3—5 B2 horizon; dark brown (7.5YR 4/4) fine sand; single
x127.0 cm) grained; loose; strongly acid; abrupt wavy boundary.
50—62"(127.0— 033—3—6 C1 horizon; light yellowish brown (lOYR 6/4) fine
157.5 cm) sand; single grained; loose; strongly acid.
0—26"(0-66.0 cm) 033—3—7 C1 horizon; light yellowish brown (lOYR 6/4) fine
sand; single grained; loose; very strongly acid;
gradual wavy boundary.
26-60”(66.0— O33—3-8 C2 horizon; light gray (lOYR7/2) fine sand; single
152.4 cm) grained; loose; very strongly acid.
PROFILE NUMBER: 3
LOCATION:
SHORE TYPE: Erodible low plain
DATE OF COLLECTION: June 23—25, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Water table at about 100 cm.
Sample








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































*K indicates "less than".
                                                             



















Total Phosphorus 18 11 1.5 16
Orthophosphate~P ll 15

















1550 9.0 1280 31.4
Manganese 18 2 . 0 US 0 . 1;
Aluminum 3610 13 . 3 3014 79 . 5










K15 K1 K15 [(1
Bari um
KS 0 . 8
































































































































































































































































































































































































































































































































































































































































































































































SHORE TYPE: Non—erodible high bluff
DATE OF COLLECTION: May 23, 1975
COLLECTORS:
Wisconsin Dept.























Silty loam; no other information available.
PROFILE NUMBER: 6
LOCATION: T. 25N, R. 22E, Section 13, NE 1/4.
SHORE TYPE: Erodible low bluff
DATE OF COLLECTION: May 23, 1975
COLLECTORS:
Wisconsin Dept. of Natural Resources and Center for Great Lakes Studies,
University of Wisconsin—Milwaukee
SUPPLEMENTAL INFORMATION:
Profile site described as a stable slope with 3-foot
(0.9 m) bluff; this bluff height is inconsistent with
reported sampling depth of 0 to 10" (0 to 25 cm); no other
information available.
Sample
Sample Depth Number Sample Description
70'(21.3 m) B-6—l Beach sand on calcarious red clay.












Total Exu. Total Eur. “focal Extr. Total Extr. _Total Extr. n ATotal Ext};
   




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 5, 1975



















Below top of bluff; massive, dark yellowish brown,
pebbly clay till; weathered.
67'(20.4 m)
Rl—3




foot above base of bluff.
PROFILE NUMBER: 2
LOCATION: End of 5 1/2 Mile Road
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 5, 1975
COLLECTORS: Wisconsin Dept. of Natural Resources and the Center for Great Lakes
Studies, University of Wisconsin-Milwaukee
SUPPLEMENTAL INFORMATION:
Sample
Sample Depth Number Sample Description
2—6"(5.l—15.2 cm) R2—l Al horizon; grayish brown (SYR 3/2) to dusky brown
(SYR 2/2); slightly damp; sandy silt loam; moderate
amount of organics.
3—4'(0.9—1.2 m) R2—2 Thinly interbedded (beds few millimeters thick) clay,
silt, and sand (very fine to fine grained); pale
brown (SYR 5/2)(damp) to moderate brown (SYR 4/4)






























































































LOCATION: Wind Point Lighthouse
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 5, 1975
COLLECTORS: Wisconsin Dept. of Natural Resources and the Center for Great Lakes




Sample Depth Number Sample Description
2—6"(5.1—15.2 cm) R3—1 Al horizon; silty sand; low in organics.
l—2'(0.3-0.6 m) R3—2 Yellowish brown, silty, fine grained sand.
PROFILE NUMBER: 4
LOCATION: Adalbert Blaszczak property, 400 feet south of Case Tractor Foundary
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 5, 1975
COLLECTORS: Wisconsin Dept. of Natural Resources and the Center for Great Lakes
Studies, University of Wisconsin—Milwaukee
SUPPLEMENTAL INFORMATION:
Sample
Sample Depth Number Sample Description
2—6"(5.l—15.2 cm) R4-l A1 horizon; brownish black (dry) silty loam; moderate
organics.
7—8'(2.l—2.4 m) R4-2 Interbedded (well—defined, laterally continuance beds
approximately several mm thick) fine to medium grain
sand and clay; moderate yellowish brown (lOYR 5/4)
(wet) sand and brownish gray (SYR 4/1) (wet) clay.
Approx. 39'
R4—3
Massive, light brownish gray (SYR 6/l)(damp and fresm
(11.9 m)










    
    
    
  
     
   
  
  
































DATE OF COLLECTION: June 5, 1975
COLLECTORS: Wisconsin Dept. of Natural Resources and the Center for Great Lakes






















































Al horizon; black, organic rich sandy loam.
Interbedded fine sand, silt, and clay, as in
Sample R4—2.
7
Pebbly clay till as in R4—3; approximately 4 feet (1.2 m)
above base of bluff. J
  
 KACINF. PROFIL
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Titanium 85 K1 225 [(1 255 K1





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































*K indicates "less than"
 





















































































































































































































































































































































































































*K indicates "less than".
 
 MUSKEGON COUNTY, MICHIGAN
PROFILE NUMBER: 1
LOCATION: Approximately NE 1/4, NW 1/4, Section 23, T.9 N., R.17 w.
SHORE TYPE: High sand dune
DATE OF COLLECTION: June 5, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION:
Sample 121-2-1 taken from face of bluff just west of
other samples.
Sample
Sample Depth Number Sample Description







8-13"(20.3— 121—1-2 A12b horizon; pale brown (lOYR 6/3) and very dark
33.0 cm) gray (lOYR 3/1) sand; weak fine granular structure;
very friable; neutral; gradual wavy boundary.
13-22"(20.3— 121—1—3 Bl horizon; very pale brown (lOYR 7/3) sand; single
55.9 cm) grained; loose; neutral; gradual irregular boundary.
22-60"(55.9- 121—1—4 C horizon; pale brown (lOYR 6/3) sand; grained;
152.4 cm) loose; mildly alkaline.
0-60"(O—152.4 cm) 121-2-1 C horizon; pale brown (lOYR 6/3) sand; single
grained; loose; mildly alkaline; slight effervescence.
PROFILE NUMBER: 2
LOCATION: NW 1/4, NW 1/4, Section 31, T.ll N., R.17 W.
SHORE TYPE: Erodible low bluff
DATE OF COLLECTION: June 5, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Samples 121—4-1 through 121—4—3 taken from face of bluff
just west of other samples.
Sample
Sample Depth Number Sample Description


















acid; clear wavy boundary.




































































































































































































































































































































































































































































































































































152.4 cm) grained; loose; moderately alkaline; slight effer—
vescence.
O-60"(0—152.4 cm) 121-6-1 C horizon; very pale brown (lOYR 7/3) sand; single















SHORE TYPE: Erodible high bluff










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Total Extr.” Iptal Extr. Total Extr. Total Extr. Total" Extr.l Total Extr





























































































































































































































































































































































































































































































































































































































LOCATION: Section 15, T. 21 N, R. 17 W.
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 6, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Samples 101-2—1 and 101-2—2 taken from face of bluff
just west of other samples.
Sample
Sample Depth Number Sample Description
O—7"(0-17.8 cm) 101—1—1 Al horizon; very dark grayish brown (lOYR 3/2)
loam; moderate medium granular structure; friable;
neutral; gradual wavy boundary.
7-15"(17.8— 101-1—2 B & A horizons; pale brown (lOYR 6/3) and brown
38.1 cm) (7.5YR 5/4) clay loam; moderate medium subangular


































































































































































































SHORE TYPE: Erodible low bluff























































































































































































































































































































   































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 MANISTEE PROFILE 3 (mg/kg dry weight)*
Sample Depth (Number) 0—20"(101-5—1) 20-24"(101—5-2) 24-27"(101-5—3) 27-60"(101—5—4) 0-60"(101-6—l)
Parameter
Total Extr. Total Extr. Total Extr. Total Extr. Total Extr. Total Extr.
  







Total Kjeldahl Nitrogen 50 11 2400 40 450 46 25 10 25 16
Nitrate/Nitrite—N 15 50 36 K6 K6
Amnia—N
10 9 27 K9 9
Total Organic Carbon 1200 K100 21000 500 3700 200 K300 K100 1100 K100
Calcium
6580 4690 7400 5820 9210 8010 11000 9380 5670 3340
Magnesium 2860 1990 4500 1310 7850 3370 4150 3150 3410 1790
Sodium
K250 6.6 K250 15.5 K250 26.6 27 7.9 K25 9.4
Iron













































K10 K0 . 3 14
Molybdenum K300 K2 K300
bead K5 K3 13













































































































































































































































































































































































































































































































































































































































grained; loose; common roote in upper 24 inches;



















152.4 cm) single grained; loose; many medium faint dark gray
l
(lOYR 4/1) and few fine distinct reddish yellow 5



































































































































loose; about 50 percent wood frag-
ments;
l/2—l inch in diameter and up to 12 inches
long; effervescent; abrupt smooth boundary.
IVC4 horizon; dark grayish brown (lOYR 4/2) very
gravelly loamy sand; massive; firm; over 90 percent
angular limestone fragments 1/8—3/4 inch in diameter;
effervescent; abrupt smooth boundary.
IVCS horizon; brown (lOYR 5/3) very gravelly loamy
sand; massive; firm; over 90 percent angular limestone
fragments 1/8—3/4 inch in diameter; effervescent;
abrupt smooth boundary.
VAlb horizon; dark gray (lOYR 4/1) very gravelly
loamy sand; single grained; loose; 80 percent
angular limestone fragments 1-3 inches in diameter;
effervescent; abrupt smooth boundary.
VIClb horizon; very pale brown (lOYR 7/3) sand;
single grained; loose; effervescent; clear smooth
boundary.
VIIClb horizon; yellowish brown (lOYR 5/4) sand;
single grained; non-sticky; common black (lOYR 2/1)
and dark grayish brown (lOYR 4/2) streaks and






























































































































































































































































































































































































































































































non—sticky; 30—50 percent woody fragments; effer—




















































































U.S. Army Corps of Engineers, there is evidence that some erosion
does take place.)
DATE OF COLLECTION: June 23—25, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   


































































































































































Yttriul K2 K1 K2 K1 K2 K1
Zinc
53 23.6 5 10.9 5 3.3

























































































































































































































































































































































































































































SHORE TYPE: Erodible low plain











































































LOCATION: Section 12, T. 27 N., R. 9 E.
SHORE TYPE: Erodible low plain lakeward/wetlands landward
DATE OF COLLECTION: June 19, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Sample 001—4—1 taken from face of bluff just east of
other samples.
Sample
Sample Depth Number Sample Description
0-7"(O—l7.8 cm) 001—3—1 Al horizon; brown (lOYR 5/3) sand; single grained;
loose; mildly alkaline; gradual wavy boundary.
7-24"(l7.8— 001-3—2 Cl horizon; light yellowish brown (lOYR 6/4) sand;
61.0 cm) single grained; loose; mildly alkaline; gradual
wavy bOundary.
24-60"(6l.0— 001-3-3 C2 horizon; pale brown (lOYR 6/3) sand; single
152.4 cm) grained; loose; slight effervescence.










































University of Michigan Coastal Zone Laboratory
No bluff along this profile; water table at approximately
25.4 cm.
Sample DescriEtion
Al horizon; very dark gray (lOYR 3/1) loamy fine
sand; weak fine granular structure; very friable;
neutral gradual smooth boundary.
Cg horizon; gray (lOYR 5/1) fine sand; single





























































































































































































































*K indicates "less than".
 
   
  
ALCONA PROFILE 2 (mg/kg dry weight)*
















































































































































































































































































































































































































































































































LOCATION: Section 20, T. 15 N., R. 16 E.
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 20, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Samples 063-10-1 and O63-10—2 taken from face of bluff





Al horizon; dark grayish brown (lOYR 4/2) silt
loam; moderate medium granular structure; friable;
mildly alkaline; gradual wavy boundary.
6-14"(15.2-
063-9—2
B2 horizon; brown (lOYR 5/3) silty clay loam;
35.6 cm) moderate medium angular blocky structure; firm;
mildly alkaline; gradual wavy boundary.
14—60"(35.6—
063—9—2
C horizon; pale brown (lOYR 6/3) silt loam; with
152.4 cm)



















gray (lOYR 5/1) and yellowish brown
152.4 cm)







PROFILE NUMBER: 2 ,
LOCATION: Section 29, T. 18 N., R. 15 E.
SHORE TYPE: Erodible low plain



































































































































































































































































































































































































































































































































LOCATION: Section 24, T. 19 N., R. 13 E.
SHORE TYPE: Non-erodible low bluff






















































C2 horizon; brown (lOYR 5/3)
gravelly sand;
single



































LOCATION: Section 8, T. 18 N., R. 12 E.
SHORE TYPE: Low sand dune
DATE OF COLLECTION: June 20, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory






Al horizon; pale brown (lOYR 6/3) fine sand; weak
medium granular structure; very friable; moderately
alkaline; abrupt smooth boundary.
6-10"(15.2- 063-4—2 IICl horizon; dark brown (lOYR 3/3) loam; weak
25.4 cm) medium subangular blocky structure; friable;
effervescent; abrupt smooth boundary.
lO—60"(25.4- 063—4-3 IIIC2 horizon; pale brown (lOYR 6/3) sand; single
152.4 cm) I grained; loose; effervescent.
C1 horizon; brown (lOYR 5/3) silt loam; with common
medium distinct yellowish brown (lOYR 5/6) mottles;




LOCATION: Section 4, T. 17 N., R. 10 E.
SHORE TYPE: Erodible low bluff
DATE OF COLLECTION: June 19, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory






Al horizon; light yellowish brown (lOYR 6/4) sand;
single grained; loose; neutral; gradual wavy
boundary.
8-60"(20.3- 063—2-3 C horizon; pale brown (lOYR 6/3) sand; single
152.4 cm) grained; loose; mildly alkaline.
O—60"(0—152.4 cm) 063-3—1
C horizon; pale brown (lOYR 6/3) sand; single
grained; loose; effervescent.
192
 PROFILE NUMBER: 6
LOCATION: Section 11, T. 16 N., R. 9 E.
SHORE TYPE: Wetland
DATE OF COLLECTION: June 19, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: No bluff; water table at approximately 30 cm.
Sample
Sample Depth Number Sample Description
0—8"(0-20.3 cm) 063—1—1 Al horizon; very dark brown (lOYR 2/2) sandy loam;
moderate medium granular structure; effervescent;
clear wavy boundary.
8—32"(20.3- 063—1—2 Cg horizon; gray (lOYR 5/1) gravelly sand; single
81.3 cm) grained; loose; effervescent; gradual wavy boundary.
32—60"(8l.3— 063-1—3 IICg horizon; gray (lOYR 6/1) clay loam; with common



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































OSWEGO COUNTY, NEW YORK
 
PROFILE NUMBER: 1
LOCATION: Mileage marker 123.515; approximately 80 feet north of a limestone block
revetment near north end of Sandy Point Beach; 2.325 inches north of the
edge of air photo mosaic 11—35—4372432.
SHORE TYPE: Low sand dune lakeward/wetlands landward
DATE OF COLLECTION: July 2, 1975
COLLECTORS: St. Lawrence-Eastern Ontario Commission
SUPPLEMENTAL INFORMATION: Despite the shore type designation assigned by theArmy
Corps of Engineers, the sample collectors described this
profile as a high (approximately 14 meters) dune with
beach (approximately 12 meters wide). Bluff protected
by beach and offshore sand bar.
 
Sample
Sample Depth Number Sample Description
6"(15.2 cm) NY-l-l Dune sand; fine grained and well sorted; roots and
fine grained organic matter; sand cross bedded but
difficult to detect due to ferromagnesium—rich
mineral grains.
ll'(335.2 cm) NY-l—2 Dune sand; fine grained and well sorted.
PROFILE NUMBER: 2
LOCATION: Mileage marker 125.347, at Rainbow Shores; profile taken near a tree
stump on the back beach, about 60 feet south of a small dirt road
located on air photo mosaic 11—35-4312425; 2.46 inches north of the
southern edge.
SHORE TYPE: Low sand dune lakeward/wetland landward






The 5.5 meter bluff is protected by a gravel beach that
is about 10 1/2 meters wide and rises to a height of
about 1.7 meters at the toe of the bluff.
The strato-
graphic units are very variable and change suddenly when
traced from north to south.

























approximately .4 meters consists of loose, brown,
pebbly
clayey sand.







































































SHORE TYPE: Erodible low bluff
















































meters of the bluff consist of weathered, brownish-
gray till, containing several thin lenses of sand
overlying medium gray till. Numerous fresh slump scars
were found along the bluff.
 
Sample
Sample Depth Number Sample Description
0" NY-3—l Al horizon
16"(40.6 cm) NY—3—2 B horizon
31"(78.7 cm) NY-3-3 BB horizon
71"(l80.3 cm) NY—3—4 C horizon
142"(360.7 cm) NY-3—5 C2 horizon
PROFILE NUMBER: 4
LOCATION: Mileage marker 149.48; located on Oswego campus of the State University
College, 40 feet east of Johnson Hall. The profile lies 18.3 feet from
the cliff edge (0.675 inches east of western edge of air photo mosaic
11—35-3412336).













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5 3-5-1 K1 98 2 K1 3
5 3-5—2 1 97 2 K1 5
6 B—6—l 1 79 20 K1 S
6 8-6-2 42 21 37 c
Racine Co. Wisconsin (#44, Lake Michigan)
1 R-l-l 16 23 61 L
l R—l-2 49 28 23 c
1 R‘l—3 32 22 46 L
2 R—2—1 19 21 60 L
2 R—2—2 12 6 74 8 S
2 R-2-3 40 37 23 L
3 R—3—1 4 85 10 l S
3 R—3—2 Kl 94 6 K1 S
4 R—4—l 15 14 71 L
4 R—4—2 24 22 22 32 S
4 11-4—3 28 33 39 L
5 R-S—l 28 28 40 4 S
5 R-5—2 11 19 70 L
5 R—5-3 33 34 33 L

























































































































































































































































































































































































































































































































































































































K-Less than value shown
*S-Sand
L—Loam
C—Clay
28
15
44
62
75
85
24
76
43
43
48
73
52
8
12
7
12
33
66
20
17
26
20
37
24
14
75
24
57
57
51
19
38
92
88
85
73
37
26
44
28
34
211
K1
K1
K1
K1
K1
K1
K1
K1
25
14
 
16
25
15
14
14
23
20
17
18
21
13
44
26
28
16
13
12
10
20
19
21
13
66
54
72
42
67
6O
70
64
68
73
69
74
46
76
80
76
H
m
m
m
m
m
H
m
H
m
m
m
m
H
m
H
H
m
H
H
m
H
H
H
m
m
H
H
m
H
H
m
m
m
m
c
/
a
m
m
